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Metiiod for producing a plurality of bodies 



The invention relates to a mediod for producing a plurality of bodies, each 
body bearing an cortical stnicture, the optical stractnres bd^ 

associated to a respective hifonnation carrier for containing user-infonnation. and being 
indicative of chaiacteristic hifonnation for providhig access to the user-mformatioa 



Such amelhod is known fixMnEP-A-0 989 553. In tiiis method the mformation 
canier is an <Ttical disk, and flie characteristic mformation is recorded as 

embossed pits that are made on the disk, as tiie body, by lamg a strong on/off-swite^ 
lifi^it to change the reflectivity of flie disk by either changing the composition of or destroying 
tiie disk in a minute region fliereo^ and such a method is not ^Ucable by the end-user. 
Accordmg to saidEP-A^ 989 553 tiie user-mformation present on a disk is encrypted and 
tiie encryption key can be derived fiom the characteristic mforamtion which is pre-recorded 

on tiw disk. A player for disks of this type is consequently adapted in order to identify said 
characteristic mfonnation present on a disk, to derive ftom it die encryption key, and to 

decrypt fl>e useivmfonnation recorded on tiie disk. A reconter attempting to clone an orig^ 
disk. i.e. to dq>Ucate tiie nser-mformation contained in an original disk on a second disk, wiU 
not be able to record onto die second disk also the characteristic information, like tiie one 
present on tiie origmal disk, necessary to decrypt die user-infonnation. As a consequence tiie 
user-mformation contamed m tiie second disk cannot be decrypted and played. 

Wifli die mefliod described in said EP-A-0 989 553 it is still possible to clone 
disks, by copying either tiie content and tiie characteristic information: in feet, alfliough tiie 
equipment necessary to record chaiacteristic information on a disk is unlikely to be easfly 
available to an end-user, such an equipment is available to professional counterfeiters. It is 
disadvantage of flie known mettiod tiiat tiie products produced can be cloned Mvbsa 
professional equipment is employed. 
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It is an object of die invention to provide a method of Ae kind described in tibe 
opening paiagr^h. by wMch are produced bodies bearing optical structures, ^ch are 

-subslantiaUyinqwssfljletDbe'clanedrand-i^A-niethod- 

production of a plnraUty of bodies bearing substantiaUy identical optical structures. 
This otgect is achieved by: 

produdng a stan^) by attachingparticles to a sorfece of an auxiliary body; and 
using flie standi to inqirint an instable rnaterial, thereby producing die 

plundity of bodies, die each body having at least a sur&ce portion bearing an imprint of die 

Stamp* 

The result of die mediod is a pluraUly of bodies, each body bearing an hnprint 
of die stamp; die imprint is die optical structure indicative of characteristic info^^ 
optical structure is a sut&ce portion of a body which if irradiated widi a coherent beam of 
Hght gives rise to reflection, refraction or dif&action of die hghl, or a combination of two or 
dBce flieieof Widi a screen positioned in an adequate position in respect widi die hght source 
and die optical structure, it is possible to observe on die screen a speckle pattern due to die 
interaction of die light widi die optical structure. The observed speckle pattern depends on 
die parameters defining die coherent beam of Ught. like for example wavelengtii and phase. 

and on die internal microstructureofdie optical stracture.i.e. on die shiQie of die inqiri^ ' 
The speckle pattern can be sensed witii a sensor and can be further processed in order to 
derive from it die characteristic information. In general, die characteristic information is 
whatever information necessary to access die user-information. e.g. a decryption key for 
decrypting encrypted user-information. 

A player for an information carrier of die type lefened to in die mediod of die 
invention will consequendy be ad^ted to identify fiom die associated optical sHucture the 
characteristic information, and to use said charactaistic information to access die user- 
information present on the information carri^. 

However, die mformation carrier referred to in die mediod of die invention 
does not need to actually contain user-infonnation. but it can also be an information carrier of 
recorddjle type. A iwonier for such a recordable information carrier win consequ^ 
ad^ted to identify fiom die associated optical sttuctum die characteristic mformation. to use 
said characteristic infonnation to encode accordingly die user-information to be recorded, 
and to record die encoded user-mformatioa 

The usage of a standi is to guarantee die rqiroduciTjility: m feet, die producer 
or die owner of die stamp has die possibihty to reproduce substantiaUy equal optical 
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structures a plurality of times. Reproducibility is an impartant requiremoit for Ifae industrial 
^Ucability, since characteristic information is to be derived from Hie optical sttuctore. If the 
optical structure was not reproducible, every optical structure would be unique and two 
optical structures would indicate different characteristic infonnation. Hence, in tfie case that 
the characteristic information conqmses an emayption/decryption key, also the 

encryption/decryption key would be different; and different would be the encrypted nser- 
information: in this way every disk should be mastered individually, implying a complex, 
CTcpensive and unrealistic mastering process. 

By the method of die invention however, a plurality of bodies bearing 
substantially identical optical structures indicative of identical characteristic infinmation is 
produced* 

What makes an optical structure substantially inqjossible to done is the way 
the characteristic mformation is derived fiom it together widi the way the optical structure is 
produced. The speckle pattern, and consequently the characteristic information, can be seen 
as the ou^of aphysical One- Way Function (OWF), the inputs of which are the internal 
microstructure of the optical structure and the irradiating beam of light. An OWF is a 
fimction easy to evaluate in the forward sense, but generally unfeasible to compute in the 
reverse dhection. and wherem the ou^t domain is very large and the input domain is even 
much larger. An attempt to clone an optical structure could be based on its physical 
observation, or on its behavioral observation. An optical stractore could in principle be 
observed with a noninvasive tomogrqjhic imaging technique, however equipment presently 
available does notaUow for the microfibrication of tixe internal microstructure to die required 
level of detail The possibiKty to deduce the internal microstructure of the optical structure, 
based on its behavior, i.e. speckle pattern and characteristic information as a response to a ' 
given irradiating beam is ruled out duo to the properties of an OWF. 

The possibiUty to produce an optical structure, potentiaUy different from the 
original one, but having exactly the same behavior is also unfeasible, given the large number 
of possible values for flie parameters defining the coherent beam of Ught, and the 
computational complexity of reconstructing an optical structure having a known behavior. 

Further detailed considerations on the properties of physical OWF, and on the 
substantial impossiWhty to clone an optical structure, or to reconstruct an optical structure 
witii a known behavior, or even to fool a system for access control of user-mformation based 
on optical structure are brought in the article '•Physical One-Way Rmctions" Ravikanth 
Pappu et at. Vol. 297 SCIENCE, 20/09/2002. 
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The meibod of flie invention can be extended to comprise a fbriher step of 

applying onto tte imprint of fte each body a 1^ of reflecting ma^ 

— fi«A«»»rayfiDmlhe-imprintwhi<A'substantialfyfollow8-t^^ 

In this ^ a reflective layer is ^lied, Oe aim of ^ch is enhancing the 

leflectivily of the optical structure. This implies that the screen yMch has to sense the 

speckle pattern has to be positioned as &dng the sm^ bearing the imprint as a 

consequence, both the laser for iitadiating the <^cal structure and th^ 
spedde pattern will be positioned on the same side of the bo^. 

The method of the invention can be extended to comprise the following 

Airther steps: 

applying over the imprint of the each body a layer of an other. substantiaUy 
transtparent; inqnintable material; 

using the stan^ an additional time to imprint flie layer of the other hnprinlable 
material, thaeby making an additional imprint on die each body. 

The application of the other imprintable material is to prepare the bo«fy to 
receive an additional imprint The layer of the other imprintable material can be appHed over 
the layer of reflective material, if this is present, or directly over the surface or sun&ce 
portion bearing the first imprint The additional imprint is then produced with the same stamp 
on the layer of the other imprintable material, thereby obtaining a dual-layer optical structare, 
more complex dian an optical structure with a single imprint, and flius ev^ more dfficultto ' 
clone. The layer of the other imprintable material needs to be substanliaUy transparent, 
otherwise the first hnprint would not adequately contribute to mteraction with light when 
ixradiated. 

The method of the invention can be extended to comprise the following 

further steps: 

producmg an additional standi by attadimgparticles to a surfece of an 
additioiial auxiliary hody; 

flying over the imprint of the each bo^ a layer of an other, substantially 
tcansparent, insprintable material; 

usmg the additional standi to inqjrint the 1^ of the other imprintable 
material, thereby makmg an additional imprint on the eadi bod^r. 

The appUcation of the other imprintable material is to prepare the body to 
receive an additional imprint THe layer of the other imprintable material can be appKed over 

ttie layer of reflective material, if this is presort, or directiy over the surfece or surfece 
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portion bearing the first inqmnt The additional inqomt is then produced wifli the additional 
stanqj, ^^ch has been prepared for tins purpose^ on liie layer of the olher imprinlable 
material, Iteicby obtaining a dual-layer optical stouctuie^ more complex than an optical 
structure with a single imprint, and thus evrai more difficult to done. The layer of other 
imprintable material needs to be substantially transparent, otherwise the first inqnint would 
not adequately contribute to interaction with light when irradiated. 

When an additional imprint is made, prefisrably the in^rintable material used 

has a first refractive index, and flie otiier inqirinlable material has a second reftactivB index, 
tiie second refiactivB index being different fixm the first refractive index. 

This feature voay be desirable whea no interposition material is present 

between tiie first inqttint and the layer of the otiier imprintable material, in order to n^ 
that the inter&ce between the two adequately contributes to intetaction wifli Ught when 
inadiated. 

In view of making an additional imprint, the method of tiie invention can be 

extended by intBiposing between flie inqmnt and the layer of flie other inqmnt^^ 
of the each body a substantial^ transparent separation layer. 

In feet, the ^Ucation of the other imprintable material may be preceded by 
the ^Ucation of an separation layer. This step m^ be desirable, for exanqile, when the 
other imprintable material is not suitable for covering tiie first imprint and filling the recesses 
thereof The separation layer needs to be substantiaUy transparent, otherwise flie first imprint 
would not adequately contribute to interaction with Ught when irradiated. Ihe presence of a 
separation layer aUows the use of tiie same material as imprintable material and other 
imprintable materiaL 

When the separation layer is present, preferably the imprinlable material used 
has a first refractive index, and the separation layer has a tiiird refractive index, tiie third 
refractive index being different from flie first refractive index. 

This feature may be desirable when no reflective layer is present between tiie 
first imprint and tiie separation layer, in order to make sure tiiat tiie intetfece between tiie two 
adequately contributes to interaction witii light when irradiated. 

In order to protect flie optical structure, tiie mefliod of flie invention can be 
extended by applying on flie imprint of flie each body a substantially transparent covering 
layer. 

The purpose is to protect the imprint from any mechanical alteration, for 
example due to manipulation of flie bo^. which may oonsequentiy alter flie optical structure 
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as a whola Hie covering layer needs to be substaatiaUy transparent Moreover, when the 
covering layer is present, preferably the nmferial used as imprintable material has a first 
'^^"^^^^•J^^^^d^nrering-layer . 
bemg different fiom the first reflective index. If the optical structure is a double-layer or a 
5 ""^-layerc^ticalstrucl^fl^coveringlayercanbe^Iiedon&e,^^^^ 

According to another aspect of the method of the invention, the each body is a 
laminat ed body comprising a reflective l^er. 

The presence of a reflective layer is aimed at enhancing the reflectivity of the 
optical structure andmq,Hes flat the screen ^ch has to sense the specldepatt^ 
10 positioned as feeing the surfece bearing the imprint: as a consequence, both the laser for 
madiating the optical structure and the screen for sensing the speckle pattern wfll be 
positioned on the same side of the body. 

According to another aspect of flie method of the invention, the eachbody is 
hitegral with the respective information carrier, m other worfs, ti» information carrier itself 
15 IS used as body for bearing the optical structure. 

The optical structijre is associated to a respective mfonnation cairier fi>r 
contammg user-infomiation. The information carrier can be, for example, an optical disk. 

According to anotiier aspect of the metimd of tiie mvention. particles of 
diamond are used as the particles. 

20 ^^'^^^^esuretiiatthein^tcanber^imKh^^edsti^^ 
a large number of times, tiie particles used to produce the stamp and, occasionalty the 
additional stamp are preferably solid particles of a hard material, like for example diamond or 
tungsten carbide, so that repetitive usage of the stamp for the large mmber of times does not 
wear out the shape of the stamp. 

25 According to anotiier aspect of Ae mefl«>d of flie invention, particles having a 

size range between 100 nm and 1 micron are used as tiie particles. 

The usage of partides in fliis size range is to make sure that diffiactive e^ 
resulting fiom tiie inradiation office optical structure due to recesses in flie hnprint and. 
occasionaUy, m fl>e additional inqmnt are adequatety elicited for ti« formation of flie 
ffliet^e nattem 



30 



The aheaify cited article "PMical One- Way Functions", proposes die use of 
inhomogeneous structures m a system for access control of user-information contamed m an 
information earner, for example a credit card. The inhomogeneous siructmes are used to 
aerate charact^c information flat is checked against contiol information contained in 
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described with reference to the drawings. aaeaand 

/^^•'^^5^«'^^^<««fasfan^andacioss.sectioaofabodyb^ 
aninqirintoftheslanip, » ooay oeanng 

the optical structure, in different conditions, across 

/^f ^ '^i^^ays anadditional stamp and acros^secdon of abody bearing a . 
dual-layer c^tcal stnxcture. across the c^tical stnuto 
^^^^ ^^«-'^^-^-l<^'-ri„gan<,ticalstr«^ 

onticaldi^lc K 

qpt.caIdasl,basedonanopticals1mctoreindicativeofd^^ 
a.it^oft^C''^'^^"^"^''^'^^^^^^^ 

at^.asr:::Ta:xryT;ar 

1, ^. , 10 l>eanng an imprint 11 of the stamp 

^mp«««,.,^,3i.^^„^^^ ^^^^ 

According to to nKttod rfAe . ^ 

-^«**ody .0 i. ^^^^^ 

«^on«e.ea^,„^^^.,^^^^^_^^^__^^ 
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Thestan^ 13 can be obtained, for exanq^le, by qiplyiiig a gltim 17 
onto the soclbce IS of the anxiliaiy body 16, distributing some particles 14» for example 

randomly, onto the sinface jBuad.raUdij^ing.1he^g^ materia l 17. 

In order to make sure that the inqirint can be reproduced substantially equal by 
5 a large number of tim^, the used particles are {ireferably solid particles of a hard tnatmai^ 
likefor example tungsten carbide or diamond, so that repetitive usage of the standi fortiie 
large number of times does not wear out flae sh^e of tiie Stsanp, Preferably, the used particles 
have a size range of the same order of magnitude of tiie wavelength of the irradiated light, so 
for exantple 100 nm-1 micron. 
10 In the second step, the stamp 13 is used to inqmnt an inqmntable inaterial, 

thereby producmg the plurality of bodies, the each body 10 having at least a surface portion 
bearing an iix^rint 11 of the stamp 13. 

The second step can be acconiplished, for example, by using the stamp on a 
pturalily of pre-existing bodies, not having any iinprint of the stamp yet, to produce an 
15 inqprint on each of these pre-existing bodies, for example by a molding proems. The intprint 
thereby produced on a surface portion is the optical structure. A plurality of optical structures 
produced witii flie same stantp is substantially equal, and thus indicative of tiie same 
characteristic information. As an alternative, the second step could be accomplished starting 
from a shapeless material, the bo^ being formed at the same time when a sur&ce portion of 
20 it is shaped by the stamp. 

In the case that pre-existing bodies, not having any imprint of the stamp yet, 
are employed, the imprint may be produced on a sur&ce portion of the jire-existing body that 
is imprintable: fliis can simply be for example the material of which consists flie pre-existing 
bo<fy, or a surface portion of it; alternatively, the surfece portion of the pre-existing body fliat 
25 is imprintable can be obtained by aj^lying an initial layer of in^irintable material. As 
imprintable material can be used for example polycarbonate, epoxy or diacryL 

Fig. 2 displays a cross-section of a body bearing an optical structure, across 
the optical structure, in dijQferent conditions. 

In Fig. 2a it is possible to see a hody 10, an imprint 1 1 as the optical structure, 
30 and a transparent covering layer 20 over the inqprint 11. The covering layer 20 is covering the 
imprint 1 1 and filling the recesses 12 thereof. 

The purp ose of the covering layer 20 is to protect the mqnint 1 1 fiom any 
mechanical alteration, for example due to manipulation of the body 10, which m^ 
consequentiy alter the optical stmcture as a ^ole. 
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In Fig. 2b, in addition to the items present in Fig. 2a, itispossible to seealso a 
pre-existing reflective layer 2 1 . 

In the case that pre-existing bodies, not having any inqwint of the stamp yet. 
are employed as bodies where the imprint of the stanq, is made, said pre-existmg bodies may 
be laminated pre-existing bodies, conqmsii^gapte^xi^ 
the light resulting firom the interaction of the inadiated beam with the o^^ 

produces a q,ecUe pattern on a screen. The presence of a reflective material under the 

hnprint inches that the screen ^ch has to sense the q«ckte patten» has to be po^ 

fecmg the surfece bearing the inqmnt as a consequence, both the laser fiw irtadm 

optical structare and the screen for sensing the q,eclde patten, wffl be positioned on the 
side of the body. 

In Hg. 2c m addition to the items present m Fig. 2a, it is possible to see also 
an ^Ued reflective layer 22, and its sui&ce 23 fecmg away from flie imprint 1 1 which 
snb^antiaUy follows the inqnint 1 1. 

When the body 10 does not conqMise also a pre-existing reflective layer 21 it 
can be useM to ^ly a layer 22 of reflective material over the first in^rint 1 1 . In this case 
the ^ed reflective layer 22 has the same implications and advantages of the previously 
described pre-existing reflective layer 21 . 

However the presence of a reflective layer anywhere is not mandatory, and m 

the case ftat there is no reflective layer the screen for sensing the speckle pattern is ' 
preferably positioned on a side of the bo^ other than the one from which the optical 
structure is irradiated, provided that the body is substantiaUy transparent 

Fig. 3 displays an additional stamp and a cross-section of a bo^ bearing a 
dual-layer optical structure, across the optical structure, in different conditions. 
IhFig. 3ait ispossible to see an additional stamp 13', and in particular particles 14' attached 
to a sur&ce 15' of an additional auxiKary body 16'. 

In Fig. 3b it is possible to see a body 10, an optional pre-existing reflective 
layer 21, a first imprint 1 1, an optional applied reflective layer 22, a layer of an other 
imprintable material 30, an additional imprint 31 made on the layer of the other hnprinteble 
material 30, and a covering layer 20 over the additional imprint 3 1 . The covering layer 20 is 
covering the additional imprint 31 and filling the recesses thereof. 

The purpose of the covering layer 20 is to protect the i^ermost m^t fiom 
any mechanical alteration, for example due to manipulation of the body 10, whidi may 
consequently alter the optical structure as a whole. 
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In the case that no inteiiwsition material is presert 
and the layer of the other inqmirtable material 30, it i^ 

--differenti»factive-indexes-asnnq»iirtable-^^ 30.^ 

ordertomakesuiethatteintetficebet^reentbetwoadequatelycontnT,^ . 
^th Kght when irradiated. The presence of a reflective layer 22 between the first impiint 1 1 
and the layer of other inqwinlable material 30, allows for the use of the same material as 
inqjrfntable material and other inqmntable material 30. 

Ihe additional imprint 3 1 can be obtained with an additional stan^ 13 ' as well 

as with the first stamp 13. The pinpose of maldng an additional imprint 31 is to obta^ 
layer optical stmctare. more complex than an optical structure with a smgle imprint, and thus 
even more difficult to clone. To this end, preferably the additional imprint 3 1 is substantialfy 
smierimposed to the first in^ 1 1 , however it can also be partly siq,erimposed or not at all 
superin^sed. Rirtheimore, in the case that the additional imprint 3 1 is substantiaUy 

superin^osed to the first inqmnt 11 and that additional imprim 3 1 is made wifli the same 
stanq, 1 3, the stamp 1 3 is preferably rotated over a chosen angle in respect with the first time 
it was used. 

In order to obtain even more complex optical structures it is possible to 
produce even further imprints on even furth^ layers, thereby obtaming multi-layer optical 
structures. Moreover, it is possible to produce some of the even fiulher hnprints with even 
fiirther stamps, and some of the even fiirtber imprints with stamps abeadly used, thereby 
combining the two techniques described to produce additional inqmnts. 

In Fig. 3c, m addition to the items present m Fig. 3a, it is possible to see also 
an interposition layer 32. 

Also in this case, the presence of an interposition l^er 32 allows for the use of 
the same material as m^Mintable material and other imprinlable material 30. 

The presence of an mterposition 1^32 and the presence of an ^ed 
reflective layer 22 are not mutuaUy erohisive. but can also be combmed. 

Kg. 4 displays an optical disk bearing an optical structure, and a cross-section 

ofit 

hi Fig. 4a it is possible to see the optical disk 40, and m particuhtr an imprint 
11, present on a surfece portion of iti as an optical stnicture. 

Fig. 4b displays a portion of a cross-section of the optical disk 40 shown in 
Fig. 4a across the hnprint 1 1 . It is possible to see an infonnation layer 42, an optional pr^ 
easting reflective layw 2 1 . the impnxA 1 1 , and a covering layer 20. In this case, the bo^ 1 0 



PHNL030516EPP 



10 



15 



14.05^003 

bearing the optical structure is the respective infonnaticm carrier to winch the optical 
structure is associated, aud the information carrier is an optical disk 40. The optical structore 

can be present in the substrate of tiMJ disk, and can be observed from a ride of the dis^ 
The optical structure can be superin^josedto the mformation layer, or be 

present in a portion of flie disk where thae is no information layer, like for exan^le at fl^ 
mner side of the disk. However, other alternatives are possible as the body bearing the optical 

structure: for exan^le tiie case of the disk, if the disk is contained in a case, or flje car^ 

of the disk, if the disk is pennanenlty incorporated in a cartridge, or a sq^rate body 
accon^janying tiie didc, like for example a card. 

In said above circumstance, m which the bodies bearing the optical stnictiires 

are the hrfornation carriers thanselves and the information carriers are optical disks ifin 
particular the optical disks are prerecorded optical disks carrying the same user-infomiation 

for exan^ile a given music album or a given fihn, tiie production of the pluraKty of dfa^ 
compnse the following steps: afler the stamp or the stamps are obtained, an optical structure 
IS produced; then fte characteristic information indicated by the optical structure is identified; 
then the user-mformation is encoded accordmg to the identified characteristic information- 
eventuaUyti^pluraUty of disks is produced, the disks carrying the encoded user-information 
and bearing the optical structures, the optical structures being substantiaUy equal to the first 
one, since they ace produced with the stamp or stamps. 

A playw for a disk of die type displayed in Figure 4 will consequently be 
ad^ to identify from the optical stmcture the characteristic information, and to use said 
characteristic mformation to access the user-information present on the disk. Furlhemrore a 
dude of foe type displayed in the Figure 4 does not need to be a prerecorded disk, nor to ' 
actually contam user-information, but it can also be a disk of recordable type. A recorder for 
such a disk will consequently be adapted to identify fiom the associated optical stracture the 
characteristic mformation. and to use said characteristic information to encode accordingly 
foe user-information to be recorded, and to record foe encoded user-mformation onto the 
disk. 

As background mformation. Fig, 5 displays a system for access control of 
user-information contained in an optical disk, based on an optical structure indicative of 
characteristic information, for foe general understanding of how sudb a system operates. 

In foe Figure it is possible to see a laser 502, a cdheroit beam of Hght 503 
produced by foe laser 502. an optical disk 40, an impiint 11 as an optical structure borne by 
foe optical disk 40, a screen 506, a speckle pattern 505 produced on the screen 506. a sensed 
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spedde pattern 507. a digital filt^ 508. a filteied speckb pattern 509. a ma&ematical OWF 
510. a diaracteristic infonnation 51 1. reading means 500. encoded user-infonnation 501. an 
— access control-block512,aQddecoded-user-infannationr-- - — 1 

The laser 502 inradiates with a CQheiert beam oflight 503 the imprint 11 as 
the optical sIructDie borne by an optical disk 40. The light resulting from the intemction' of 
Ihe irradiated beam 503 with the optical structure produces the speckle pattern 505 on the 
screen 506. 

The observed spedde pattern depends on the parameters defining the coherent 
beam of light, like for example wavelength andphase. and on the internal microstructure of 
the optical sttuctnre. Le. on the shape of the imprint or imprints. Parameters like for exan^fe 
the wavelength of the beam can be variable: preferably, the wavelength will vary around the 
size range ofthe recesses present in the in^t, so for example lOOnm-l micron. The 
position and/or orientation of the laser may also be variable within certain raijges. if 
mechanical means supporting the laser provide for this possibility. 

The speckle pattern 505 is sensed by the screen 506 and converted into digital 
mfoimation representing the sensed speckle pattern 507. A digital filter 508 is then ^Med to 
the sensed speckle pattern 507. in order to make the characteristic infoanation not sensitive 
to microscopic differences between in^ts obtained witii the same stmnp, and due fin- 
example to the production process, or to environmental alterations, or to the presence of 
fingerprints, while keeping sufScient sensitivity to delect counterfeited optical structures. The 
applied filter can be. for example, a two-dimensional CJabor transfimn. A further 
mathematical. OWF 510 is applied to flie filtered speckle pattern 509. to obtain l^e 

characteristic information511.TheusedmathematicalOWF510canbe,fi)rexampIe a 
simple hashing function compressing the filtered speckle pattern 509 to a relatively short 
string of bits. 

Reading means 500 yield the wooded nseivinfomiation 50 1 present on the 
optical disk 40. the access control block 5 12 can decode the encoded uservinformalion 501 as 

flie correct chamcteristic hiformation 5 1 1 is provided, and eventuaUy the decoded 
information 513 is made available. 

The chaiactKistic infiMination 51 1 may consist, fer example, of an 
encryption/decryptionkey: consequently the encoded nser-mformation is nser-info^^ 
encrypted according to that key and flie access control block uses the key to decrypt the user- 
mformatioa As an alternative, the user-infi,imation could be encq«ulated in a software 
olflect requiring an access key to be accessed, the charact^istic information 5 1 1 may consist 
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of the requited access key. and the access control block may consequently use the access key 
to access the software object Preferably, the used access control will conqmse both the 
above techniques, and the characteristic hi&nnation 51 1 wiU be stmctured accordingly, the 
characteristic information 5 11 being vAatever infeimation is necessary to access the Jer- 

infoimation. The characteristic infimnation 51 1 inay be derived not only W a ri^^ 
irradiation of the optical structure but fiom several irradiations produced with diferent vahies 
of the parameters controlling the beam. 

Although fte invention has been ehiddated with refer^ice to the cmbodim^ 
described above, it will be evident that other embodhnents m^ be alternatively used to 
achieve the same obfect The scope of the mvention is therefore not limited to the 

anbodnnents descnT«d above, but can also be appUed to a Stan,, haviie a more cm^^ 
rdief structure than the one simply obtamed by attaching particles to a surfiice of it 

It must further be noted that the term "comprises/comprismg" i^rfien used in 
this specification. hMJIuding the chums, is taken to specify the presence of stated features, 
integers, steps or components, but does not exclude the presence or addition of one or m^e 
other features, mlegers. steps, components or groups thereof. It must also be noted that the 
word -a" or "an" precedmg an element in a claun does not exclude the presence of a pluraHty 
of such elements. Moreover, any reference signs do not Umit the scope of the claims; the 
invention can be inplementedby means of both hardware and software, and several "means- 
may be represented by the same it«an of hardware. Furthermore, the mvention resides in each 
and evoy novel feature or conibuiation of features. 

The invention can be summarized as follows: in the described method for 
producing a pluraHty of bodies bearing equal imprints of a stamp as optical structures a stamp 
13 is mitiaUy produced, by attachmg particles 14 to a surfece 15 of an auxiliaiy body 16; 
then, the stamp 13 is used to produce an imprint 1 1 on a plurality of bodies 10. Optical ' 
structures can be irradiated, producing on a screen a speckle pattern indicative of a key. It is 
substantiaUy impossible to clone a given optical structure with current technological means. 
Optical structures represent physical One Way Functions, easy to compute in the forward 
sense but unfeasible to reverse. Ihus. they can be used to bufld an access/copy protection 
system of user-information contained m an information carrier associated to the body 10. The 
reprodud-biUty of the optical structures makes this method suitable for optical disks. 
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CLAIMS: 



1. A method for producing a pluraUty of bodies, each body (10) bearing an 

optical stnictHre, the optical structures being substantiaUy equal, being associated to a 
respectiw infonnation canier for containing user-information, and being indicative of 
charact^c information for providing access to the user-information, characterized by: 
producing a stamp (13) by attaching particles (14) to a surfece (15) of an 
auxiliary hody (1 6); and 

using flie Stan,) (13) to hnpnnt an imprintable material, fliereby producing the 
pluraKty of bodies, the each body (10) having at least a surfece portion bearing an mqamt 
(ll)ofthe stamp (13). 

2. A method as claimed in claim 1 , characterized by ^lyii^g onto the imprmt 
(1 1) of tiie each body (10) a layer of reflecting material (22) having a surfoce (23) fedng 
aw^ &om tiie imprint (1 1) which substantially follows tiie imprint (1 1). 

3. A mefliod as claimed in claim 1 or 2, characterized by: 

applying over tiie imprint (1 1) of tiie each bo^ (10) a %er of an oflier, 
substantially transparent, mqaintable material (30); 

using tiie stamp (13) an additional time to mq)rint tfie layer of flie oflier 
inqjrintable material (30), fliereby making an additional imprint (3 1) on flie each body (10). 

4. A mefliod as dauned in daim lor 2, characterized by: 

producing an additional stamp (13*) by attachmg particles (14*) to a sur&ce 
(15') of an additional auxiliary body (16*); 

applying over flie imprint (1 1) of flie each body (10) a %er of an oflier, 
substantiaUy transparent^ inqnintable material (30); 

iising flie additional stanq, (130 to in^ flie layer of flie oflier inqmniable 
material (30), fliereby making an additional imprint (31) on flie each body (10). 
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5. A as claimed in claims 3 or 4, characterized in 
material used has a first refiactive index, and the oflier inqjrintabte matB^ 

- «fia<*ivB index,lhe-8econd'refiactivB-mdex.being dffi^ 

6. A'^odasclaunedinclaims3or4,characterizedbymtBiposingbetween 
the imprint (1 1) and the layer of the other in^rintable material (30) of the each body (10) a 
sobstantially traospaient separation layer (32). 

7. -^^^od as clahned in claim 6. characterized in that the imprintable material 
nsedhas afirstrefiactive index, and the separation layer (32) has a third refiactive index, the 
third refiactivB index being different fixmi the first lefiactivB index. 

8. A method as claused in claim 1. characterized by applying over tiie imprint 
(11) of the each body (10) a substantiaUy transparent covering layer (20). 

9. A method as claimed in claim 1, characterized in that the each body (10) is a 
l a mina ted body conqnrising a reflective layer (21). 

10. A method as claimed in claim 1, characterized in that the each bo<fy (10) is 
integral with the respective information earner (40). 

11. '^"^'l^od as claimed in claim lor 4, characterized in tiiat particles of 
diamond are used as the particles (14). 



12. 



A method as claimed in daim 1 or 4, characterized in tiiat particles havmg 



a 



size range between 100 nm and 1 miczon are used as the particles (14). 
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ABSTRACT: 



In Ifae described mediod for prodacing a plurality of bodies bearing equal 
imprinls of a stanqi as optical stiucluies a stamp (13) is initially produced, by attadiing 
particles (14) to a soifice (15) of an auxiliary body (16); flien, the stan^ (13) is used to 
produce an unpnnt (1 1) on a phiraHty of bodies (10). Optical structures can be irradiated, 
5 producing on a screen a spedde pattern indicative of a key. It is substantiaUy impossible to 
clone a given optical stiuctare with current technological means. Optical structures represent 
physical One Way Ftanctions, easy to compute in the forward sense but unfeasible to reverse. 
Thus, they can be used to build an access/copy protection system of user-information 
contained in an information carrier associated to the body 10. The reproducibiKty of the 
10 optical stntotures makes this inethod suitable for optical disks. 
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